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ABSTRACT

A SHIPBOARD SURVEY TO DETERMINE THE QUANTITIES

OF HUMAN WASTES PRODUCED PER CAPITA AND THE PHYSICAL 3

BIOLOGICALBACTERIOLOGICAL AND CHEMICAL PROPERTIES

WAS CONDUCT ED TO ESTABLISH THE DEGREE OF POLLUTION

OF HARBOR WATERS BY NAVAL VESSELS AND PROVIDE DESIGN

CRITERIA FOR A TREATMENT SYSTEM. THE DATA SHOW THAT

BETWEEN 10 AND 20 GPD OF SEWAGE ARE PRODUCED PER

CAPITA ON SHIPS FOLLOWING A NORMAL WORKDAY ROUTINE.

A MAXIMUM OF TWICE THIS AMOUNT CAN BE EXPECTED OF THE

OPERATION IS ON AN AROUND-THE-CLOCK BASIS. THE

SEWAGE PRODUCED CONTAINS AN AVERAGE OF 236 MG/L OF SUS-

PENDED SOLIDS AND AN AVERAGE BIOCHEMICAL OXYGEN DE-

MAND (BOD) OF 102 PPM. THE GEOMETRIC AVERAGE COLIFORM

DENSITY INDEX WAS FOUND TO BE 4.8 x i05. DATA IS ALSO

PRESENTED FOR THE CONCENTRATION OF SETTLEABLE SOLIDS.,

TOTAL SOLIDS AND VOLATILE SOLIDS PRESENT. THE PH OF
THE SEWAGE AND THE DISSOLVED OXYGEN PRESENT AND THE

CONCENTRATION OF NITROGEN PRESENT IN VARIOUS FORMS

WERE DETERMINED.

THE SURVEY ALSO SHOWED THAT THE WATER IN THE

VICINITY OF A VESSEL FROM WHICH SEWAGE IS BEING DIS-

CHARGED IS NOT POLLUTED TO ANY ADVERSE DEGREE IN

TERMS OF THE COMMONLY USED PARAMETERS. VIRTUALLY

NO SUSPENDED SOLIDS WERE FOJND IN THE RIVER WATER AND

THE COLIFORM DENSITY WAS WITHIN THE RANGE PERMITTED

AT MOST BATHING BEACHES IN THE UNITED STATES.

ill
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SURVEY TO DETERMINE QUANTITI ES AND -

PROPERTIES OF SEWAGE FROM NAVAL VESSELS

1.0 INTRODUCTION

AS A CONSEQUENCE OF INCREASING PUBLIC AWARENESS OF WATER POLLUTION

AND AUGMENTED RECREATIONAL USE OF 'TIDAL WATERSJ THE NAVY IS HAVING TO

FACE THE PROBLEM OF DISCONTINUING 7HE PRACTICE OF DIRECT DISCHARGE OF

SEWAGE BY NAVAL VESSELS IN CONFINED WATERS. STANDARD PROCEDURES HAVE BEEN

An)OPr.rEn i. _ Ea-rTE-zSFACTOnRY DitPOQAL OF GARBAGE AND -REFUSE; ALSO FEDERAL

REGULA [ tONS AND I NTERNAT IONAL AGREEMENTS ARE EFEtCTIVE -I.CODITROLLING OtL

ýL,-LUTION BY SHIPS. THE PROBLEM OF SEWAGE DISPOSAL1 HOWEVER1 IS A VERY

REAL ONE FOR WHICH NO CONCISE PRACTICAL SOLUTION HAS YET BEEN PROVIDED.

THE TERM "SEWAGE," WHEN USED IN CONNECTION WITH SHIPBOARD DISPOSALj IS

LIMITED TO THE WASTE WATERS FROM WATER CLOSETS AND URINALS. THE PRO5LeM

1I CAUSED BY THE FOLLOWING FACTORS:

* THE CREATION OF A POTENTIAL HEALTH HAZARD FOR PEOPLE USING THE

RECEIVING WATERS FOR RECREATIONAL PURPOSES.

* BACTERIAL POLLUTION OF SHELL-FISH BREEDING GROUNDS,

o DEPOSITION OF SOLIDS AND REDUCTION OF DISSOLVED OXYGEN LEVELS SO
AS TO PRECLUDE OR IMPAIR AQ9AT.IC LLFE.

* THE AESTHETIC ASPEtTS OF UNSIGHTLY FLOATING SOLIDS AND ANY

ASSOCIATED ODOR CREATE A NUISANCE TO PEOPLE USING THE WATERS AND ADJACENT
SHORES.

S.0 BACKGROUND

A CONSIDERABLE AMOJNT OF WORK HAS BEEN DONE BY NASA AND OTHER

AGENCIES TO DETERMINE THE QUANTITIES OF HUMAN WASTE PRODUCED PER PERSON

AND THE CHEMICAL, BIOLOGICAL AND PHYSICAL PROPERTIES OF THIS WASTE.

SHIPBOARD SEWAGE DIFFERS FROM DOMESTIC SEWAGE BECAUSE THE FLUSH WATER

",USED IN SEA WATER, BRACKISH WATER3 AND iN LA#yG&R QUANTITIES- PER FLUSH.

THIS LABORATORf WAS REQUESTED TO PROVIDE THE FOLLOWING INFORMATION AS

RELATED TO SH!PBOARD SEWAGE:

* HYDRAULIC DATA

* PHYS:CAL DATA

* B!OLOGIrai. fATA

o BACTERIOLOGiCAL DAIA

* CHEMICAL DATA
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*rOOR SAN AIRCRAFT CARPIER., A DESTROYER, A CRUISER AND A SUBMARINE

TENDER WERE SELECTED TO PARTICIPATE IN THE HYDRAULIC SURVEY. A SUB-
MARINE TENDER WAS SELECTED FOR OBTAINING THE REMAINDER Or THE DATA.

3.0 SHIPBOARD DATA

3.1 HYDRAULIC_ REPRESENTATIVE AREAS ON EACH OF THE FOUR SHIPS WERE SE-

LECTED FOR THEi METERING OF FLUSti WATER. IN EACH CASE AN INTEGRATING FLOW-

METER WAS i$mLDIN -TH.C SEA WATER.-IFLUSH LINE"7ULPPLYING FLUSH WATER FOR-
TWO WAI, IcL OSELT S RECORD.ING EQUIPMENT WAS. SUP.PLIED TO. OBTA-I.N _DATA ON_ --

.Wf rfILJ QUANTITY OF FLUSH WATER USED AND ON THE FREQUENCY OF FLUSHING.

I kB3EE SUMMARIZES THE INFORMATION OBTAINED FROM EACH SHIP.

TABLE, 1

-NO.OF WATER No.OF MEN AVERAGE PER AP ILTA

CLOSETS USING WATER TOTAL FLO9W GPD
SHIP Hun RED CLOSETS FL-OW GPD* MAX MIMN. Av.

USS LSSLX (cvs 2 4o 468 I n.7
LISS MULL INN IX (f)D 94)1 2 20-30 299 150.010.0 12.5
USS NORTHAMPTON (cc-il) 220-30 377 169.9 12.-6 15.1

USFULTON (As-lI1) 4j (i) (2)

(I1) THREE WAIER CLO-SETS AND ONE U;R:NAL_

(2) DATA TO BEL O8FAINLU tR?

T!,i N FORMIA T I ON f ROM L ASCH ýkVl WS OBTAINED OVE.R A .30-DAY PERIOD. IT WAS

L'MNDTHAT ABOUI-!k CAiLUNS OF" WATER ARE USED EACH TIME THE WATER

LOSET IS FLUSHLED. PLAK FLOW PERIODS WERE EXPERIENCED BETWEEN 0500 AND

0900 HOU,,RS AND BETWEEN,, 2100 AND 2300 HOURS. DURING THESE PERIODS THE FLOW

RA'L WAs-- BETWEEN 200 AND 300 PERCELNT OF THE DAILY AVERAGE. -SOME DAY-TO-DAY

V.A%liATION WAS NOTED IN WIAIER USAGE DEPENDING ON THE OPERATING ROUTINE OF

THE. SHIP. ANOT-HE-R FACTOR WHICH INFLUENCED THE WATER tUSAGE WAS THE NUMBER

OF PERSONNEL HAVING LIBERTY. IF THIS3 NUMBER WAS GREAT AN ADDITIONAL PEAK

LOADING PERIOD WAS EXPERIENCEID BEITWEEN 21400 AND 0100 HOURS.

3.,2 PHYSICAL, BIOLOGICAL, BACTFRIOLOGICAL AND CHEMICAL. SAMPLES OF HUMAN

WASTrES WERE. COLLECTED ABOARD THE: USS FULTON tAS-Il) FOR PHYSICAL,, BIOLOGICAL,

BACTERIOLOGICAL AND CHEMICAL ANALYSIS. A CLOSED SAMPLED COLLECTION TANK

EQUIPPED WITH A LOW SPEED STIRRER WAS INSTALLED IN THE SqTOREROOM. BENEATH

THE FORWARD CREW'S HEAD. THE-n SHIPs' PIPING WAS MODIFIED SO THAT THREE

WATER CLOSýETS AND ONE URINAL DRAINED INTO THIS SAMPLING TANK. !HE CONTENTS

OF THE TANK WERE AGITATED TO ASSURE THOROUGH MIXING. THE WASTE WAS COLLECTED

FOR ONE. HOUR AND WAS THEN S5AMPLED THROUGH A QUICK OPENING VALVE. AFTER

SAMPLNG., THE CONTENTS, OF THE RANK WAS DRAINE.D OVERBOARD PRIOR TO COLLECTING

THE NEXT HOURS WJASFE . TWELNTY-FlI U SEWAGE E;AMPLES WERE TAKEN OVER A THREE-DAY

~AB8FVIT INS SEDHITHI TET AE FOM I,-U "C)F STYLE MANUAL, 1959,
UNLESS OTHERWISE NVOTED.
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PERIOD. THE RESULTS OF THESE ANALYSES ARE SHOWN IN TABLE 2. IN ADDITION,

SiX SAMPLES OF THE THAM•S RIVER WATER USED FOR FLUSHING WERE ANALYZED TO

FSTABELSH A BASE L,NM 'DR . SEWAGE DATA. ThESE RSES'JLIS ARL SUMMARIZED

IN TABLE 3.

4.0 DISCUSSION

4.1 HYDRAULIC DATA. DATA OBTAINED FROM THL THREE SHIPS SURVEYED SHOW THAT

BETWEEN 10 AND 20 GALLONS PER DAl OF SFWArF CAN BE EXPECTED P.R -IAN. LITTLE
VARIATIOT' ._ NOTED FROM SHIP TO SHIP. DURING PEAK PERIODS FLOW RATES AS

HIGH-.. )z;UU PERCENT OF>THE DAILY AVERAGE CAN-BE EXPECTED. THE U. S. ARMY

-']JQUCTED A SIMILAR SURVEY TO DETERMINE THE QUANTITIES OF SEWAGE PRODUCED

Aý A NIKE MISSILE SITE IN SHELTON, CONNECTICUT. IT SHOWED THAT AN AVERAGE

of: 18.3 GPD COULL; BE EXPECTED FOR EACH NONRESIDENT MAN AND 56.7 GPD FOR

EACH RESIDENT. PEAK LOADING OF APPROXIMATELY 200 PERCENT OF THE DAILY

AVERAGE WAS EXPERIENCED. SOMEWHAT HIGHER FLOWS WERE FOUND TO OCCUR AT A

MISSILE SITE IN BEDFORD, MASSACHUSSETTS. EACH NONRESIDENT USED APPROXI-

MATELY 26.2 GPD AND EACH RESIDENT APPROXIMATELY 14.2 GPD. PEAK LOADING OF

ABOUT 250 PERCENT OF THE DA.LY AVERAGE WAS EXPERIENCED. THE FLOW DATA

FROM BOH SITES FOLLOWED A TRIMODAL CURVE WITH FEAi< FLOWS IMMEDIATELY AFTER

MILAL TIMES OR EATING PERIODS.SUCH PEAKS WERE FOUND TO EXIST ABOARD NAVAL

VESSELS. CONSIDERABLE QUANTITIES Of DATA WERE OBIA;NLD WHILE THE VESSELS

WLRE IN PORI. CUSTOMARILY IN THIS CIRCUMSTANCE A LARGE PORTION OF THE

CREW COES ASHORE FRIOR TO THE EVENING MEAL. T.-iS ACCOUNTS FOR LOWER FLOWS

THAN WOULD BE EXPECTED WITH A FULL COMPLEMENT ABOARD DURING THE EVENING

HOUS. BLECAUSE ANY TREATMENT UNIT USED ABOARD A NAVAL VESSEL MUST BE

DESIGNLD TO OPERATE WITH A FULL COMPLEMENI 24 HOURS PER DAY, IT IS

ý_LLSSARY 10 ADJUST THE PER CAPIfA FLOWS OBTAINED IN THIS SURVEY. As AN
-'FROXIMATION, IT IS ASSUMPFn T-8T IHE PER CPPiTA FLOWS FOR 2k-HOUR

ýFRAT[ON '-AN UE AS MUCH AS ýWluL I1,05: SHOWN :N TABLL 1.

2 PHYSICAL, BIO'.OG_.ICAL. ,ACTERIOLOG:CA'. AND C',FM:A.•L DATA.

" I.2.1 5USENDED SOLIDS, BIOCHEMICAL OXYGEN DEMAND (eoo) AND COLIFORM

054-I '. AVERAGE VALUES OF SUSPENDED SOLIDS, S30D AND COLIFORM DENSITY

"L CALCULATED. ANALYSIS OF TABLE 3 SHOWS CONCLUSIVELY THAI !HE HARBOR

WAFER ADJACENT to FULTON IS NOT POLLUTED 'N TERMS OF T'-ESE COMMONLY USED

wRAF4AETEPS, THERE ARE VIRTUALLY NO SUSPLENDED SOL ID IN 'HE FLUSHING

'41EF. AND A NEGLIGIBLE BOD. COLIFOPM COUNT S ! ,,IIT-tN 
T
HAI PERMITTED AT

MOST BATHING BEACHES IN THE UNITED STATES.

T-HE VARIATION OF TJU C.OLIFORto DENSITY INDE'X IS ••lL SEA-GE SAMPLES RANGES

'lrUOM 4.3 x io2 TO 2-4 X 107 WITH LITTLE OP NO CORRkLCrION BETWEEN TIME

'Di DAY AND MINIMUM OR MAXIMU1M VAAlH] FU" G.... A"EKAIUL AHLIFHMETI-

AVCRAGE ND MEDIAN' COLIFORM DENSITIES WERE 4,8 105, 3.1 x iO6 AND

X.0 C U., RESPECT IVELY. THERE IS A GENERAL CORRELATICN BETWEEN- VALUES

rCR SUSPENDED 5OLIDS, COLIFORM AND BOD; ALl. THREE FOLLOW THE SAi4E GENERAL

FAT,[TERN OF HIGH AND LOW VALLE.S. [UC,4 LOWE4Q VALUFT PoR [0D AND SUSPENDED

I I D F_ 0E OB AIAELD T"H AN ANT ICI"AILD. r-L AyviPCE LCD FOR THE PERIOD

OF CAk-CLINC WAS FOIUND TO BE ]02 VjPJA. TIF AVERlAGE Pf OAD OF SU'SFENDED
" -- U , OR E PERIOD WS 23½ MG/L. THE SF D.KA.'r• N1X :CATE 1HAT IHE WASTES

0 I-D BL E CLASSED AS A WEAK DOMESTIC S E%4AGE.

3
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4.2.2 SETTLEABLE SOLIDS AND PH. THE SOLIDS APPEARED TO SETTLE RAPIDLY

IN THE IMHOFF CONE TESTS. THE AVERAGE VALUE FOR THE THREE DAY SAMPLING

PERIOD WAS 5.4 ML/L. THIS VALUE WAS ALSO LOWER THAN WOULD BE EXPECTED

FROM DOMESTIC SEWAGE. THE PH OF THE HARBOR WATER WAS FOUND TO BE CLOSE

TO THE OPTIMUM FOR BOTH BACTENIAL GROWTH AND FOR CHLORINATION REACTIONS.

TWO LOW VALUES WERE OBTAINED ON 19 OCTOBER. Low COLIFORM COUNTS WERE

NOTED SIMULTANEOUSLY, INDICATING THAT CHLORINE OR OTHER CLEANING COMPOUND

THAT WOULD LOWER THE PH MAY HAVE BEEN USED DURING THE PERIOD.

'.2.3 NITROGEN COMPOUNDS. THE NITROGEN VALUES REPORTED ARE A0GGODIN-

DfILATION THAT A WASTE HAS BEEN INTRODUCED INTO THE FLUSHING WATER. THE

",RGANIC NITROGEN PRESENT WOULD BE EXPECTED TO CONTRIBUTE TO THE BOD OF THE
WASTES. THIS OXYGEN DEMAND• HOWEVER, IS PROBABLY NOT COMPLETELY EXERTED

DURING THE STANDARD FIVE-DAY BOD TEST, AS THERE DOES NOT APPEAR TO BE ANY

CORRELATION BETWEEN THE BOD AND TOTAL NITROGEN VALUES REPORTED. HIGH VALUES

FOR NITROGEN AS AMMONIA INDICATE THAT COMBINATION BETWEEN CHLORINE AND

AMMONIA GROUPS MAY BE EXPECTED, THUS REDUCING THE AMOUNT OF FREE CHLORINE

AVAILABLE FOR TREATMENT OF THE SEWAGE IF A CHLORINATION TREATMENT IS CON-

SIDERED.

'.2.4 VOLATILE SOLIDS AND TOTAL SOLIDS. MINERAL SOLIDS DUE TO SEA SALTS

CONSTITUTE THE BULK OF THE TOTAL SOLIDS IN THE SEWAGE. AN AVERAGE OF 5825
PPM OF VOLATILE SOLIDS WERE FOUND. THIS VALUE REPRESENTS THE VOLATILE

SOLIDS IN THE FLUSH WATER PLUS THE VOLATILE SOLIDS INTRODUCED BY THE

SEWAGE.

".'5 DISSOLVED OXYGEN. THE SATURATION OXYGEN CONCENTRATION FOR WATER CONTAINING

'"PROXIMATELY 33,000 PPM SEA SALTS AT 16 C TO 19 C is BETWEEN 7.7 AND 8.2
PM. THE AVERA-Gt DISSOLVED OXYGEN CONCENTRATION OF THE FLUSH WATER USED
-s FOUND TO BE 6.61 PPM. THE AVERAGE DISSOLVED OXYGEN CONCENTRATION

COUND IN THE SEWAGE SAMPLES WAS 5.38 PPM. THIS DEPLETION OF 1.23 PPM

;S NOT SERIOUS SINCE THE RESULTING CONCENTRATION IS STILL HIGH ENOUGH

TO SUPPORT ALL FORMS OF SALT WATER MARINE LIFE.

..0 SUMMARY

A SUMMARY OF THE CHARACTERISTICS OF SHIPBOARD SEWAGE IS PRESENTED

IN TABLE 4 BELOW. ALTHOUGH ONLY ONE SHIP WAS SURVEYED TO OBTAIN THE

PHYSICAL, BIOLOGICAL, BACTERIOLOGICAL AND CHEMICAL PROPERTIES. IT IS

FELT THAT THESE VALUES ARE REPRESENTATIVE OF SEWAGE FOUND ABOARD ANY

NAVAL VESSEL SINCE THE CONCENTRATIONS ARE LARGELY DEPENDENT ON THE QUANTI-

TY OF FLUSH WATER USED. GOOD AGREEMENT WAS NOTED )N THE FLUSH WATER

USAGE DATA OBTAINED FROM THE THREE SHIPS SURVEYED. ADDITIONAL FLUSH

WATER USAGE DATA FROM THE USS FULTON WILL BE REPORTED KHEN IT BECOMES

AVAILABLE. THE SEWAGE PROPERTIES PRESENTED IN TABLE 4 CAN*BE

USED AS INPUT PARAMETERS FOR THE DESIGN OF A TREATMENT SYSTEM FOR NAVAL

VESSELS WITH THE EXCEPTION OF THE PER CAPITA WATER USAGE DATA. THESE

VALUE3 SHOULD BE DOUBLED AS INDICATED ABOVE IN ORDER TO ALLOW FOR POSSIBLE

POUND-THE-CLOCK OPERATION OF THE SYSTEM.
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TABLE 4

SUMMARY OF THE PROPERTIES OF SEWAGE

FROM A NAVAL VESSEL

PER CAPITA FLOW, GPD MAX. 17.0*
P-r :A FLOW, -GPD MIN. 11.3*
PIR CAPITA FLOW, GPD AV. 13-1*
SUSPENDED SOLIDS, MG/L AV. 236
BIOCHEMICAL OXYGEN DEMAND, PPM AV. 102
COLIFORM DENSITY INDEX, MPN PER 100 ML, 4.8 x io5

GEOMETRIC, AV.

SETTLEABLE SOLIDS, M'L/L.AV. 5.4
P1-, AV. 7.38
NITROGEN AS AMMONIA-, PPM AV. 15.2
NITROGEN AS NITRATE, POM AV. 12.5
NITROGEN As NITRITE, PPM AV. 0.01

N-TROGEN, ORGANIC, PPM AV, 112.1
NIrPOGcN, TOTAL, PPM AV. 127.3
FCo', SoI ffoS, PPM AV. 33,000
VOHArILE AND ORGANIC SOLIDS, PPM AV. 5,82•
0! SOLVED OXYGEN, PPM AV. 5.30

*F.ESE VALUES SHOULD BE DOUBLED TO ALLOW FOR AROUND-THE-CLOCK

OPERA 10NO.

AC.RNOWLLDG&MFNr

. a•S!s~ T;v.- OF COMCRUDESLANT, COMNAVAIRLANT AND CXL*SUBLANT IN
M•'! •v T ARF-INGEMEN16 FOR IS SUPVEY IS APPRECIATED, THE ASSISTANCE OF

S flCI-FS AND CREWS OF THE USS FULTON, USS MULLINNIX, USS NORTHAMPTON
S. •' ESSEX IN iNSTALLING THE EQUIPMENT AND RECORDING THE DATA IS ALSO

AF'! --I IATED.
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